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1.1  材� � 
供试土壤沉积物样品于2007年3月采自福建厦门集美滩
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Abstract   Potted culture experiment was used to investigate the effects of co-contamination of Cd (0, 2.5, 50 mg kg                 -1) and Zn (0, 
100, 500 mg kg-1) on the contents of osmotic adjustment substances in Kandelia candel (L.) Druce seedlings. The interaction 
effect of Cd–Zn combined stress on the content of soluble protein was mainly mutual. The content of soluble sugar decreased 
with the addition of Cd when Zn concentration was 100 and 500 mg kg-1. Low Zn concentration increased the soluble sugar 
content, while high Zn concentration decreased it when Cd (2.5 and 50 mg kg-1) was added. The interaction effect of Cd–
Zn combined stress with low concentration on the contents of proline and organic acid was as also mutual, and it showed 
antagonism at high level of the combined stress. It was suggested that the compound pollution of Cd and Zn was not simply an 
additive or antagonistic effect. It depended on the Cd and Zn concentrations and their combinations in soil, as well as on the 
different parts of the plant. Tab 5, Ref 30
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碳含量为(8.19±0.47) g kg-1，可溶性盐含量为 2.50%±0.13%，
土壤表面积平均粒径为(5.159±0.37) μm，体 积平均粒径为
(32.974±8.92) μm，土壤颗粒直径92% 以上小于50 μm. 土壤
中Zn本底值为(113.38±2.01) mg kg-1，Cd本底值(0.71±0.10) mg 













为0、100、500 mg kg-1 3个水平(分别以Zn0、Zn100、Zn500表
























硝化后，通过ICP–MS (PE Elan DRC-e，
Axial Field Technology)测定其Zn、Cd含量. 
可溶性蛋白含量测定采用考马斯亮蓝G250法 [13]；可溶性
糖含量测定采用蒽酮比色法 [14]；脯氨酸含量测定采用磺基水




2   结 果












致叶片中可溶性蛋白质含量增加，以低浓度Zn (100 mg kg-1)
处理下的增加量更为显著(Cd0时P＜0.05，Cd50时P＜0.01). 























































Table 2   Effect of Cd–Zn complex pollution on soluble protein 










Cd concentration in soil (w/mg kg-1)
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The same letters among different treaments in the same plant part mean no 




Table 3  Effect of Cd–Zn complex pollution on soluble sugar 





in soil (w/mg kg-1)
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Cd concentration in soil (w/mg kg-1)

















































































之间相互作用因不同的Cd、Zn浓度而异 [20, 21]. 叶片中可溶性
糖含量的变化与根中并不完全一致，推测可能由于重金属胁
迫对植物叶片光合作用系统产生一定的影响，导致光合产物
的形成、分解、运输受阻 [22, 23]，具体机理有待进一步研究. 
3.3  Cd–Zn复合胁迫对秋茄幼苗脯氨酸含量的影响
脯氨酸作为渗透调节物质和细胞质渗透物质，可保持
植物受环境胁迫时的膨压 . 作为水溶性最大的氨基酸(162.3 

















表4  Cd–Zn复合作用对秋茄根、叶中脯氨酸含量(w/mg g-1)
的影响
Table 4  Effect of Cd–Zn complex pollution on proline content 
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Table 5   Effect of Cd–Zn complex pollution on organic acid 




Zn concentration in 
soil (w/mg kg-1)
土壤Cd浓度 Cd concentration in soil (w/mg 
kg-1)

































同时还参 与 重 金 属吸收、运输、贮存、解毒等生理代 谢过
程 [26, 27]. 已有不少研究表明，有机酸在植物耐铝、锌、镉等重
金属胁迫时发挥重要作用：如有机酸在铝积累型植物体中
与铝形成稳定的化合物，降低植物体内铝离子的生理活性，
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